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Abstract 



^ A coi-^rr, ( frni^ ^, wb^rh 's used for sub-micron 
-Hp py->p-lmenta' ^""ectron Bear .nspection System ^ tttib • wn.cn 

aescription or hardwares and softwares, consiae rat ions acou. pattern a.^^nmen., 
algoritnm extracting de^^ects using the f:B. 

Int roduc t ion 

Ac; natterrs of VLSI devices have been becoming smaller and more complex, the pattern 
-Soe-ion tecnnology 'has become more important in the roll of botn development and 
:pUable production of the VLSI. It is forecasted that the .V S-RAM will be ^ ^olume 
— oduc-^on bv 1^90. At tnis time submicron fabrication technology will be .uily app^.ea i.. 

^-oduc-^on^l I. Lithography technology will be improved beyond optical exposure to that 
0^ charged^ beams and )-rays. CD measurement technologies of patterns fabricated on 
?n-procels wafers are required to be of high resolution and r>epeatabil ity . The systems for 
.^D 'measurement using low-energy - are now a va 1 lable ^ and will be /sed in volume 
nroductlon[2]. An inspection system which has a higher resolution in submicron dlmensxon 
?hant;e conventional optical system will be desired. Especially the Patterns ch are 

fabricated by EB direct writing techniques, and the patterns IX mask such as X-ray mask 
win need for precise inspection. Future trends in lithography, measurement and 
inspection technologies are shown In Table 1. For future use, the submicron pattern 
inspection system with the BB Is belg experimentally developed. 

System concept 

Optical pattern inspection system are now commercially available. There is however 
^imitation ^n their sensitivity and resolution with optical lithography technologies. ine 
^dvantaces of using an BB probe are the ability to obtain a high resolution and .he 
^nher^nfly great depth of focus, and the controllability to locate EB probe to certain 
neids of patterns. Because of the last fact, the distortion correction of the P^^^^; 
n.nd tne alignments between two pattern images can be easily performed. .able 2 shows .he 
characteristics using the ~B. 

-Ker^e are th-ee kinds of defects which lower device yield In VLSI production : 
^^.ystematic, random and repeating defects. Systematic defects, characterized by line-width 
-a^iat^ons or pdge rougnness, a-e caused by process failures such as under exposure, ove. 
developing or poor etcninc tole-ances. Random defects, such as pinholes or intrusions are 
caused oy various elements of mask productiDn process or wafer process. Repeating defects 
are caused by the steppe- with defective reticle. 

Three kinds of methods using optical technologies have been proposed[3j. 'I^'^ey are (1) 
pattern-to-pattern comparison, (?) pa t te rn- t o-data comparison (3) feature extraction, 
-^able ^ snows certain merits and limitation about these methods. The pattern-to-pattern 
comparison method needs precise positioning and complex hardware. In addition, repeating 
defects cannot be detected with this method when wafer patterns are exposed oy 
one-d ' e-^^t ic le . '^h^ '^eature extraction method does not need precise positioning, but xt 
needs\n* absolute criterion refect recognition, so there is the possibility of missing 
certain types of defects. The system described here basically uses a method that compares 
the actual pattern with the inspection data generated r^rom design data to aetect 
systematic, random, and repeating defects. 



-'Stem c o n f i^urat Ion 



The BBIS Is made up of the low-energy scanning electron microscope ^ LSBV ), pattern 

-enerator'" ^ PG wave fcrm storage f WFS ;. , tne microprocessor which controls PG and WFS , 

digital image " processor ' fl^ ^ with *' rame memories, and host computer. Figure 1 shows the 
entire F B I .'^ system. 
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The is designed Tor general usage. LaB6 filament is used and intermediate 

extracting electrode, for high-brightness at low accelerating voltage, is mounted on it. 
Two secondary'electron detectors and one bacKscatter electron detector are also mounted cn 
it . 

The ?j, wnich was designed for the focused ion beam ( FIB ) system^^], nas been modified 
for EBIS. It drives beam def lection/b lanKlng electrodes of LSEK and generates timing 
signal ^zr A/D conversion in WFS and DIP. The block diagram of PG is shown in Fig. 2. A 
l6-blt -microprocessor receives scan parameters, such as, scanning speed, beam positioning, 
scan%tart/end point, and deflection gain/ rotat ion from a host computer and sets them to 
the digital circuits. Scanning speed can be varied from IKHz to 20MH2. Scan generator 
circuit generates digital scan signals from the start point to the end point and scan DAC 
converts to analog signals. The gain and rotation of the deflections for each axis are 
corrected in order to adjust the writing field to the sample coordinate areas. 

The WFS, wnich consists of an 8-blt A/D converter, a l6-bit adder and high speed If^-bit 
line -emory, is mounted to detect fidutial nark locations. The block diagram of WFS is 
preser.ted in*Fig.3. The one dimensional wave form signal 1 vom LSEl^ ' s detectors is 
converted to digital value and stored. To Improve s 1 gna 1 - t o-nol s e ' S/N ^ ratio, 
additional averaging can be performed upto 52 times by hardware. After storing the wave 
form tnis data Is transferred to the microprocessor with the direct-memory-access ( DMA 
mode. The microprocessor then calculates the mark locations from wave form data and sends 
to the nost computer. 

The :i? is made up of an 8-blt A/D converter, an arithmetical logical unit { ALU ) which 
can perform various operations between frame memories, multiple frame memories for storing 
images and Inspection data, D/A converters and monitoring unit, some multiplexer circuits 
for selecting data path, I/F circuits to the host computer, and a control processor. The 
block diagram of the DIP Is indicated In Flg.^^. The capacity of one unit of frame memory 
is 1C2^ X 512 pixels X 8-blt. At Image acquisition, two units C 102^ X 102^^ pixels ) are 
used simultaneously. The signal from LSEM ' s detectors is converted to 8-blt digital value 
and stored in frame memory of 102^^ X 102^ pixels. Sampling rate can be varied in 
accordance with the timing signal from PG. When the field of view is 100pm° , the pixel 
size is about 0.1pm. On the other hand at data processing, one unit is used In a single 
ALU-cycle. It takes 33msec to process one unit in a single ALU-cycle. The inspection data 
is transferred from the host computer via the I/F circuit with DMA mode. 

The host computer is a l6-blt mini-computer C DEC PDP-11/23 ) which controls the whole 
syste". It also has the I/F unit connected to the CAD system in order to transfer 
insf-ection data. 



Software functions 

Some software shown in Fig. 5 has been developed for the host computer and microprocessor 
:n mis system. 

Before image acquisition, the scanning area on the sample must be adjusted to the viewing 
*ield. For this purpose, the distortion correction program is developed. The fldutial 
mark detection technologies are used in this program[5]. This program is divided into two 
parts, one for the controller of ^G and W^^S, the other for the host computer ( refer to 
Fig.: . Wave forms are sampled and the location of marks are calculated by the first 
part. The distortion and the correction of the pre-setted gain/rotation value are 
ialculated from these locations by the second part of the program. 

Inspection data is converted from CAD data. Inspection data is a row of primitive 
'igures, whicn are expressed by its vertices, such as rectangles and trapezoids. The 
"igures in CAD data are divided into primitives and sorted into scanning fields. The array 
f primitive figures in one scanning field are compressed in order to inspect the large 
volume memory patterns. 

The inspection program is a procedure of s ub- f unc t ions shown in Fig. 5- In order to match 
"he actual pattern image and Inspection data, mark detection and beam positioning are 
-xecjtec first. Image acquisition is performed by setting parameters for the DIP and 
;.tarting SB probe scanning, whicn is :iriven by the PG . Image enhancement of actual 
..atterns is done using the matrix convolution function in the DIP. The conventional 
smoothing matrix is selected in this time. Inspection data Is read from disk storage and 
^oadec to the frame memory. Finally, tne comparison between the processed pattern image 
rind tbe inspection data is executed. 
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Distortion correction 



-leld was denned and adjusted to 102.4,. ' , 



This neans 

The viewing ^eld was deflnea ana auju^.cu ......p.. ^ _----'^^;"^;;,;y-of fldutlal marks 

that the ptxel size In the frame '"«'"°^^^/:P^^^,^"^^^„°Ee-l^S i^O syste^ and fabricated on 
for the distortion correction were -P°|«°.^^^;;^ wa" c ross-t^pe . in width, and 25^™ m 

S-; nre^deviS- o^thr^d^ 

-^^^ndTr-!oir=^rdi:?;r^i^r^ tiirci y ^ - 

ri:^rre.:^J1nf [:rdeei:tJonVar3-o/,^ ^^Jo^^^thes^^esults . it Is revealed that the 
viewing field can be adjusted within ±1 pixel error. 

Image Acquisition 



The example of image acquisition is ^^^^Jf ^^^^^f f J, 
natterns without metal coating on yoS.2 glass wafer 
selected and the beam current of InA was used. 



The sample consists 
5KV of accelerating voltage was 
Submlcron'defects are shown In Fig. 7. 



Inspection Algorithm 



The Inspec 
image signa 
specific pos 
eliminate 
dif f erentiat 
photographs 
image varies 
are extrac 
from disk, 
defects are 



ion using K5 has a 
from the patte 
Ition in the field, 
-he variation of 
ion is considered, 
in Fig. 8 show the e 

the conventional 
ed sufficiently us 
oaded on the frame 
detected , 



but depends on the arrangement °^ spatial 

signal level, the «dge-detectlon-method using P 
Thll procedu-e and Its r-esults are shown • 
^^r^JholSl^roSerrtrn II ^^ed ^^..es -ever. 



Conclusion 

A submlcron Inspection system using the E3^ Is experimentally J-eloped described 
here. In order to match between the actual Image and Inspection ^ata t s 

system win te a true sub-micron pattern Inspection system. 
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Figure 2 Block Diagram of Pattern Generator 
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Figure 3 Block Diagram of Wave Form Strage 



SPie Vo/ 632 Electron-Beam. X-Ray. & Ion-Beam Techniques for Submicrometer Lithographies V (1986) / 207 



To Host 
Computer 



DMA 

I/F 



LUT 



from SEM Detector 



A/D Converter | 



Timinc Signal 



r DISTCrJION' CORRECT 



-IDUTIAL r^ARK DuECTlGN 



Mutttptexer 



-DATA CONVERSION 











Frame Memory 

i 








L 


Multiplexer 




' y 






LUT 


' LUT 


LUT 


D/A 


j D/A 


D/A 



Controller 
68000 



INSPECTION 



- ^EAf'l rOSITiOMNG 
-I'-'AGE ACGUISITIQN 

-;:-:AGE enhance l f=ROCESS 
— CATA LOAD 

— COr.PARlSGN 
Figure 5 Software-functions of EBIS 



/ ' Color \ 
Monitor I 



Figure ^ Block Diagram of DIP 



Mgure 6 Accuracy 

of EBIS's Deflection 



(a) Distortion 









\ 

■\ 








/ 
/ 



COL DflTR: 



vscniE- 



Tnnc- 



2 ir.Zfic- 
SHEfifl- 





SLOPE 'UMl 


BOW lUM) 


0.C3 1 


- 0 . 15 1 


0. OSM 


0. OiJS 


-0. 100 


0.026 


C.005 


-Q. 07? 


-0.015 


-C.02"? 


-0. 


0.026 


-C . 0S3 


-0, 008 


0.037 




SLOPE )UM) 


BOU lUH) 


-C. !0S 


cos; 


-0.0S3 


0.13; 


0.008 


-0. 038 


o.oee 


-Q. 232 


-0. 046 


-C . OiJ? 


-0. loy 


-O.Ql 1 


-r 


-0. 1S6 


-0.027 



C. y 7: 
0 . 4 7 i 



-0 . O'lUtin 



0.0»iC 

-c . ot; 7uM 



ERH- 



nE5 Enn. 
RES Ef^«- 



04 7 
078 
03S 
035 

au3 



0,237 UM HRK 
C . I 25 UM RMS 



0.232 UM Hnx 
0.100 UM HMS 



(b) Repeatability \ 



COL OflTfl: 




5ME OR- 



PvC lUHl 


SLOPE fUM) 


C. Q06 


0.025 


-C .016 


-0. 0 I 1 


-C .006 


C . 0 I 7 


-C .COB 


0. 00 1 


C. C24 


-O.OIS 


cvC lUMl 


SLOPE 'UMl 


. :s3 


'Z S 


-cose 


coir 


G . 0 te 


-Q . 0 t 7 


0.06; 


0.030 


C. 022 


0.019 



0 :3i u(! 

0 2 3 i u« 



0. 1 iC UM 

0 . : ;e 



0. Ct'euM 

.CC; 



RES ERR- 
PES ERR- 



eou lUMi 

-0. 049 
-0.011 
-0. I 34 
-0. 060 
0.009 

BOW lUH) 

0.019 

-0.000 

0.065 

0.034 

-0.046 



I \ C lU^*) 
-C. 002 
-0 . 040 
0. 008 
-0.015 
-0. 090 



0.122 UM MB! 

0 ,0 UM RMS 

0.096 U" MPi 

0.057 U" R"5 



208 SPIE Vol 632 Electron Beam. X-Ray. & Ion Beam Techniques for Submicrometer Lithographies V f1B86i 



Figure 7 
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Example after Image Acquisition 




Figure 8 Procedure of Edge-detection-method 



SPIE Vol 632 Electron-Beam, X Ray & Ion-Beam Techniques for Submtcrometer Lithographies V (19861 / 209 



